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EFFECT OF HYDROGEN-ION CONCENTRATION ON THE GROWTH 
OF HYDROGEN: AND CARBON MONOXIDE BACTER 


By G. W. Jones@/ and G 5S, Scotta/ 


It has been shown that hydrogen and: speek aia may be oxidized to 
water and carbon dioxide by bacterial action,—/ </ and that the bacteria 


salad + poe for the oxidation of hydrogen are fairly widely distributed in 
nature, : | : i et, _ 


The activity of these bacteria is of special: importance in connection 
with mine fires, inasmuch as it is the usual practice: to assume: that a fire 
is out when carbon monoxide is no longer present in the fire area, That such 
an assumption may be misleading and at times dangerous is now evident, 


Samples of. mine waters from anthracite workings have shown that carbon 
monoxide and hydrogen bacteria usually are present, while most of the samples 
of mine waters tested to datc from bituminous mines have not shown such acti- 
vity. It was thought that the difference might be due to greater acidity 
of bituminous mine waters, and lkmowledge of the effect of acidity and alkal- 
inity on the growth of these organisms seemed dosirable, 


Two series of tests were made - a preliminary series to establish the 
approximate pH limits between which these bacterla showed activity and a 
second series to define the limiting values with greater precision, 


| - | L, 
In the preliminary tests small reaction vessels, previously describea! 


® 
were used, A gas mixture of the following composition -was employed to study 
the activity: "i mo, oo. 


1/ The Bureau of Mines will welcome reprinting of this paper provided the 
following footnote acknowledgment is'used: "Reprinted from Bureau of 
Mines Information Circular 7133." : | 

2/ Chemist, Explosives Division, Central Experiment Station, Bureau of 
Mines, Pittsburgh, Pa, | : 

3/ Assistant chemist, Explosives Division, Central Experiment Station, 
Bureau of Mines, Pittsburgh, Pa, — = | . ye 

4/ Jones, G, W., and Scott, G, S., Carbon Monoxide in Underground Atmos-'- 
pheres: Ind, Ing, Chem., vol. 31, 1939, poe (15-118. | | 

5/ Jones, G. W., and Scott, G. S., Oxidation of Carbon Monoxide and Hydro- 
gen by Bacteria: Bureau of Mines Rept. of Investigations 3466, 1939, 

10 - | 7 | b.2 - 

6/ arn B., and Umbreit, W. W., Biological Oxidation of Molecular Hydrogen; 

Centralblatt Bakt., vol. 101, pt. 2, 1940, pp. 354-363. 
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Constituents 
Carbon dioxide... 
ORY FON 6:0: o:5-0 sees 
Hydrogen.weccecee 
Carbon monoxide, 
Nitro Zen. cccece 


Percent lo) volume 


Inoculation was conducted as follows3 


| The liquid from a previous test that had proved especially active in 
respect to hydrogen and carbon monoxide oxidation and that had a pH value of 
6.3 was used, Sulfuric acid was added to one portion until the pH velue 
equaled 5,30. A test sample was prepared having equal parts of this liquid 
and the gas mentioned above. Sulfuric acid was then added to another portion 
of the liquid until the pH value was 3,85 and a second test sample was pre- 
pared. <A similar procedure was followed on the alkaline side with sodium 


hydroxide, 


After standing 36 days at the opeppanaaiias of the laboratory, the gas 
was removed and analyzed, The results are given in table 1. — 


TABLE 1 
Composition of the original gas mixture 


pH Te i 
12.2 [7.6 115.5 | 63,0 


Composition of final gas mixtures at end of 36 days 


“Obviously a leak existed in this assembly, 


Inspection of the results indicated that the pH limits for. the growth 
of these organisms lie BEnoninately between 320 and 10,0. 


During the interim between these and’ the’ second series of ae pH 
determinations were made on samples being tested for presence of hydrogen 
and carbon monoxide bacteria, The results of the tests are tabulated below: 
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Figure |.—E€Effect of pH on growth of carbon monoxide bacteria. 
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Figure 2.—Effect of PH on growth of hydrogen bacteria. 
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TABLE 2, - Composition of initial and final gas mixtures, 
miscalianeous samples 


reaction time,| Composition, percent by volume 


CO CO] Rp. 


Source and pl 


1. Garden soil no. 1 and 6,6 6607 
tap water, pH 7.15 0 5093 

2, Garden soil no. 2 and 53 7202 
tap water, pH 6,65. O 7803 

3e Spring water, pH 5.8 6.0 67.2 
. 0 82.0 

4. Brook water, pd 4.3 364 63.8 
0 Slel 


Sponges were used to accelerate the reactions, and some of the carbon 
dioxide shown in the analyses, especially Nos. 3 and 4, made at the ond of 
the tests apvarently resulted from oxidation of the sponges. Tne results 
of these tests are given in figures 1 and 2. ; 


The ya series of tests was made out in 5-gallon bottles, previously 
described, | , 


The bottles, each containing 2 liters of tap water and a small piece of 
sponge to supply mineral matter, were sterilized at 15 pounds pressure in an 
autoclave, Tha glass-tube and stopcock assemblies likewise were sterilized, 
The purpose of the sterilization was to destroy ‘any bacteria that might be 
present before the active specimens were introduced, 


After sterilization, measured amomts of hydrogen and carbon monoxide 
were added to each bottle and the gaseous atmosphere was analyzed to make 
certain that the initial composition of the gas was approximately tne same 
for all bottles, 4 


A leveling bottle was then connected to the side tube and some of the 
liguil was removed and hydrochloric acid or potassium hydroxide solution 
added to the bottles, The bottles were then shaken and some liquid withdrawn, 
treated, and returned to tne bottle until a uniform distribution of the acid 
or alvali was obtained, In this manner the pH values of 6 bottles were ad- 
justed to 2,0, 3.1, 318, 9.6, 11.0, and 11.9. | 


The bacteria used for inoculation consisted of the scum formed on the 
surface of sample 1 (tadle 2). This was then stirred vigorously to break 


up the larger pleces, and moasured quantitics of this suspended scum were 
added to the 5-gallon bottles, | | _ 
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Temperature, borometric pressure, and manometer readings were taken 
regulerly and the gaseous atmosphere was analyzed at frequent intervals. The 
results are given in table 3. 


The reections taking place have been discussed. tt/ 


TABLE 3, ~ Effect of acid and alkaline mediums on the activity of 
maze en _and cart carbon monoxide bacteria 


Duration 
Test Poof Composition of gaseous atmosphere, percent 
No. test Relative by volume 
days | pH | voluxe | C0» | 0 | Hp | co | WN 
a: O | 2,0; 1,000 0,0 5. 8 | 
16 7 0994 20 3 
Bu 2.2 0992 a) g 
“2 0 3.1 | 1,000 0 2 
13 ~ 094-6 1, Uy 
31 Tee 0894 5 9) 
3 0 308 | 1,000 0 7 
31 720 0875 5 
4 0 9.6 | 1,000 0) 
6 7 0 909 3 
13 om e &O 2 
31 7.0 | .872 6 
5 0 11,0 1,000 a 
§ = "694.6 ; 5 
1 ma » 886 5 
3 Tel «866 9 
6 0 11,9 1,000 0 
16 7 0978 @) 
34 11.5 0938 0 


On examining table 3, it will be observed that the pH values approach 
the neutral point in those cases vhere oxidation took place. <A number of 
questions arose concerning these changes in nH values, Did the change take 
place gradually throughout the tests, or rather suddenly at some stage of 
tne process? Did the hydrogen and carbon monoxide disappear during or after 
the pE change? 


To answer these questions, two tests were repeated, end regular neasure— 
ments of the pH values were made by removing small portions of the liquid 
from the bottles and measuring the pH value witn a Coleman electric pH meter, 
The results of these two tests are shown gravhically in figures 3 and 4, 
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Figure 3.—Change of pH and composition of gases with time. 
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Figure 4.—Change of pH and composition of gases with time. Acid medium. 
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From the alkaline side (fig. 3), it appears that the bactcrial oxidation 
and the pH values change simultaneously. From the acid side (fig. '+), how- 
ever, it will be observed that the hydrogen has disappeared before any 
appreciable change in pH has occurred, The carbon monoxide, on the other 
hand, shows but little change, 


CONCLUSIONS 


The tests reported indicate that the disappearance of carbon monoxide 
from a gaseous atmosphere as a result of bacterial action can take place 
when the initial pH value of the active medium lies between 3.3 and 11.0 
while the limits for hydrogen under the same conditions are 2.6 and about 
11.56 


The pH value in mediums that react tends to approach the neutral point 
as the oxidation of hydrogen and carbon monoxide proceeds toward completion. 
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